METHODS
Synthesis of gold nanoparticle. AuNPs (13nm in diameter) were prepared using previously established methods [1] . In short, a round bottom flask containing 500 mL of 1 mM gold (III) chloride trihydrate (Sigma-Aldrich, St. Louis, MO) is heated until boiling, after which 50mL of 38.8 mM trisodium citrate dihydrate (Sigma-Aldrich, St. Louis, MO) is added. The mixed solution was continuously boiled and stirred until a deep red color was obtained. Nanoparticle formation and size distribution was verified using UV-Vis absorption and TEM.
Fabrication of calcinated AuNP films. Standard glass slides (Fisher Scientific) were first cleaned in a piranha solution (3:1 H 2 SO 4 /30% H 2 O 2 ) for 30 minutes to ensure hydroxyl group coverage across the surface, and then rinsed with Millipore water, followed by drying with nitrogen. The cleaned glass slides were immersed for two hours in 1.0 mg/mL, pH 8.0, 60,000
MW poly(allylamine hydrochloride) (Sigma-Aldrich, St. Louis, MO). The PAH coated slides were incubated with as-prepared AuNP solution overnight with gentle agitation. After being immersed in another PAH solution with the same conditions described above, the modified glass slides were dipped into a 22 mg/mL, pH 9.5 sodium silicate solution (Fisher Scientific) for one minute. Finally, the slides were dried with nitrogen and heated in a furnace to 450°C for four hours at a rate of 17°C/minute.
Microscopic characterizations.
Atomic force microscopy (AFM) images were obtained using a Veeco Dimension 5000 atomic force microscope (Santa Barbara, CA) with manufacturerprovided hardware. All images were obtained in tapping mode. To measure the film thickness, a mask was applied and distance between the top of the calcinated film and the bare glass surface was determined from the AFM height profile. The film morphology was also characterized using For FRAP analysis, vesicle preparation followed the same procedure with 2% (w/w) 1-palmitoyl-2-{6-[(7-nitro-2-1,3-benzoxadiazol-4-yl)amino]hexanoyl}-sn-glycero-3-phosphocholine (NBD-PC, Avanti Polar Lipids, Alabaster, AL).
LSPR Measurements. All extinction spectra were recorded by a Cary 50 UV-Vis-NIR spectrophotometer. To obtain the differential extinction spectra, each spectrum was normalized by dividing by the maximum absorbance intensity, then an absorbance spectrum of the film in pure aqueous solution was subtracted as a reference.
FRAP Measurements.
Using previously established methods [2] , FRAP measurements were performed on a Meridian Insight confocal laser scanning microscope (CLSM) with 488 nm Argon laser excitation, SPOT Pursuit CCD, and a fluorescein emission filter used in conjunction with a 40x/0.75na Achroplan dipping objective. Laser scanning was stopped for 1 second to obtain a bleach profile, and fluorescence microscopy images were captured each second after.
S4
Sample preparation for MS analysis. Cytochrome c was prepared with the same condition with the final concentration of 0.1 mg/mL.
Cytochrome c digest was prepared to a final concentration of 1 mg/mL, with the addition of trypsin from bovine pancreas (Sigma Aldrich, St. Louis, MO) to make the protein:enzyme ratio 50:1 by weight. The protein enzyme mixture was kept in water bath at 37 ℃ for 16 hours, followed by the addition of 2 µL 100% formic acid after digestion.
Matrix-assisted samples were prepared by spotting 0.5 µL aliquots onto a stainless steel MALDI Fluorescence microscopy images before, during, and after bleaching of lipids. 1 shows the surface before bleaching, 2 shows the bleaching line, and 3-6 show the fluorescence recovery at 0, 60, 120, and 180 seconds after bleaching, respectively. 
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